The primary cilium is a non-motile microtubule-based organelle that projects from the cell surface and has variously been described as a chemosensor and a mechanosensor. Proteins are shuttled into the primary cilium via intraflagellar transport (IFT) and kinesin motors drive this anterograde translocation and ciliary assembly. Kif3a is one of the subunits of this anterograde motor and disruption in Kif3a leads to inappropriately assembled and truncated primary cilia. Kif3a is essential for tissue formation and in the skeleton, Kif3a function is essential for proper skeletal morphogenesis. For example, removal of Kif3a from collagen type II-expressing cells produces a variety of skeletal patterning defects including the formation of exostoses and synchondroses. The skeletal defects observed in Kif3a fl/fl Col2Cre embryos have been attributed to disruptions in Hedgehog signaling but the primary cilium may also function as a mechanosensor. Here, we asked whether primary cilia are essential for mechanotransduction in osteochondroprogenitor cells. We conditionally deleted an essential component of the primary cilium, Kif3a, in Collagen type I-expressing pre-osteoblasts. Then using a biomechanically defined method for generating strain in vivo, we studied how truncating the primary cilium affected how pre-osteoblasts sense a mechanical stimulus. Materials and methods: The Cre-loxP system was used to generate mice in which Kif3a is conditionally inactivated in collagen type I-expressing cells, under control of the collagen type Ia promoter. A mono-cortical defect model was used, and the implant device and loading paradigm followed published protocols. The micromotion device enabled the stabilization or controlled motion of an implant in the wound site. Implant micromotion was generated by a separate hand-activated system, and 3-D linear finite element model of the in-vivo experiment was formulated using COMSOL Multiphysics. Finite element modeling was compared with experimental strain data. Tissue processing, histology, immunohistochemistry, and in situ hybridization followed standard protocols, as did histomorphometric analyses.

